An accurate assessment of gestational age is vital to population-based research and surveillance in maternal and infant health. However, the quality of gestational age measurements derived from birth certificates has been in question. Using the 2002 US public-use natality file, the authors examined the agreement between estimates of gestational age based on the last menstrual period (LMP) and clinical estimates in vital records across durations of gestation and US states and explored reasons for disagreement. Agreement between the LMP and the clinical estimate of gestational age varied substantially across gestations and among states. Preterm births were more likely than term births to have disagreement between the two estimates. Maternal age, maternal education, initiation of prenatal care, order of livebirth, and use of ultrasound had significant independent effects on the disagreement between the two measures, regardless of gestational age, but these factors made little difference in the magnitude of gestational age group differences. Information available on birth certificates was not sufficient to understand this disparity. The lowest agreement between the LMP and the clinical estimate was observed among preterm infants born at 28-36 weeks' gestation, who accounted for more than 90% of total preterm births. This finding deserves particular attention and further investigation. gestational age; pregnancy Abbreviations: LMP, last menstrual period; NCHS, National Center for Health Statistics.
An accurate assessment of gestational age is vital to research and surveillance in maternal and infant health. This assessment presents a particular problem when research and surveillance use population-based records. The quality of the gestational age measurement that is derived from the birth certificate, the primary source of population-based information on the status of infants at birth, has been in question (1) .
There are two types of gestational age measurement in birth certificate files: gestational age based on maternal last menstrual period (LMP) and gestational age based on clinical estimation. The LMP-based estimate is subject to errors resulting from late ovulation, bleeding or spotting during early pregnancy, and erroneous recall of LMP. The source of a clinical estimate, on the other hand, is largely unknown and may include antenatal or newborn assessment.
Sources of error associated with LMP-based gestational age have been studied extensively. Various methods have been proposed for correction of errors in the measurement of LMP-based gestational age, such as exclusion of records with implausible birth weights for gestational age (2-4), but different methods produce different results (5) . A composite measure using both the LMP and the clinical estimate of gestational age has been examined in which the LMP-based estimate is replaced with the clinical estimate when a discrepancy exists between the two (6) . However, the composite measure is also in question due to the uncertain derivation of the clinical estimate.
Because there is no gold standard available for validating the different approaches using only birth certificate data, a good understanding of existing problems associated with current gestational age measurements in population-based data becomes important for researchers who are using these data. Our purpose in this analysis was to assess the agreement between LMP and clinical estimates in vital records across durations of gestation and US states according to a variety of characteristics and to explore the reasons for disagreement.
MATERIALS AND METHODS
The 2002 US public-use natality file compiled by the National Center for Health Statistics (NCHS) Vital Statistics Cooperative Program was used for the analysis. Here, the gestational age variable that is coded in completed weeks is primarily based on the LMP. In 1989, the clinical estimate of gestational age was added to the US standard birth certificate to provide an additional measure of the length of pregnancy.
Conservative data edits are conducted by the NCHS to identify those records that have a high probability of containing erroneous data. During these data edits, the LMPbased estimate is replaced with the clinical estimate when the date of the LMP is unknown or when the birth weight is extremely high or low for the gestational age (see Appendix  table) . These records account for approximately 5 percent of the data. Details on the NCHS edits of gestational age data have been published elsewhere (7) .
Our analysis was restricted to the 3,187,904 singleton livebirths occurring in 49 US states and the District of Columbia in 2002, after the following exclusions. California was excluded because information on the clinical estimate is not collected on its birth certificate. Records with missing data for birth weight (0.08 percent) and LMP-based gestational age (0.19 percent) were also excluded. Records with unknown or unstated clinical estimates (0.38 percent) were categorized as having missing values in the analysis. Those records for which the LMP-based estimate had been replaced with the clinical estimate by the NCHS, as described above, were also excluded (5 percent).
We examined the difference between the LMP estimate and the clinical estimate in the following ways. First, we plotted birth weight distributions for births in different gestational age groups (20-27, 28-31, 32-36, and 37-42 weeks). We present the birth weight distribution for 28-31 weeks' gestation as an illustrative example (figure 1), because at this gestational age, the bimodal birth weight distribution by the LMP-based gestational age measurement is the most prominent (1, 8) . Using the national natality data, the birth weight distributions were unimodal at 20-27 weeks because of truncation of the data and at >34 weeks because the ''second mode'' merged with the main distribution (6) .
Next, we examined the discrepancy between the LMP estimate and the clinical estimate using both gestational age and birth weight information. Given that birth weight is more accurately measured than gestational age and birth weight is not normally distributed at early gestational ages (1, 6, 8) , we examined numbers of births and median birth weights in the four traditional gestational age groups (20-27, 28-31, 32-36, and 37-40 weeks) for the following three scenarios: 1) the numbers of weeks of gestation as determined by the LMP estimate and the clinical estimate were not the same; 2) the LMP estimate and the clinical estimate disagreed by >1 week; and 3) the LMP and clinical estimates disagreed by >2 weeks.
We then examined the degree of agreement between the two measures for each gestation week from 20 weeks to 42 weeks when the numbers of weeks of gestation by the LMP and the clinical estimate were the same; when the LMP and the clinical estimate were within 1 week of each other; and when the LMP and the clinical estimate were within 2 weeks of each other. In addition, the agreement between the two measures was examined separately for each US state at gestations of 28, 31, and 40 weeks. The main purpose of the examination by state was to evaluate the overall pattern of variation across the country, not to make a comparison between the states. To further explore factors associated with the discrepancy between the LMP estimate and the clinical estimate, we examined the number of births and the percentage of disagreement by gestational age group and maternal characteristics, as well as ultrasound use during pregnancy. Maternal age was categorized as <20, 20-34, or 35 years. Maternal education was categorized as less than or equal to high school versus any college education. Trimester of prenatal care initiation was categorized as first trimester (firstthird months), second trimester (fourth-sixth months), or third trimester (seventh-ninth months), or no prenatal care/ unknown. Birth order referred to the number of surviving liveborns and was characterized as 1, 2 or 3. Use of ultrasound was categorized as yes or no. Information on the date of the ultrasound examination is not included on the birth certificate.
Finally, to better understand the variation between the LMP-based estimate and the clinical estimate between the gestational age groups, we conducted Cox regression analysis. The purpose of this subanalysis was to examine rate ratios for disagreement between the gestational age groups, and the time was set to be a constant. The event was the disagreement between the LMP estimate and the clinical estimate; gestational age estimates were considered to disagree when they differed from each other by more than 2 weeks. The independent variable in the crude model was LMP-based gestational age group, in four categories (20-27, 28-31, 32-36, and 37-42 weeks (reference group)). Possible confounding factors that we examined in the adjusted model include maternal age, maternal education, initiation of prenatal care, order of livebirth, and use of ultrasound.
Results from the models with and without missing values for each of the factors were very similar, so observations with missing values were excluded from the final models.
RESULTS
Among records for which the clinical estimate-based and LMP-based gestational ages disagreed, there were fewer clinical estimate-based records for births with <37 weeks' gestation and more clinical estimate-based records for births occurring at 37-42 weeks' gestation (table 1) . Compared with the clinical estimates, median birth weights by the LMP-based estimates were higher for births occurring at <37 weeks' gestation and lower for births occurring at 37-42 weeks' gestation when the LMP and the clinical estimate disagreed by more than 1 or 2 weeks. When the LMP and the clinical estimate disagreed with each other, the median birth weight for births at 37-42 weeks' gestation by the LMP-based estimate (3,374 g) was almost the same as that by the clinical estimate (3,375 g).
Agreement between the two measures varied substantially by gestational age (figure 2). It was higher among the extremely preterm (20-27 weeks) and term (37-41 weeks) infants and was lower among the midgestation (28-36 weeks) infants.
Among the 25 states that had 50,000 or more singleton livebirths in 2002, the lowest and highest percentages of records with the same gestational age by the LMP-and clinical estimate-based measures were 26.0 and 45.9 at 28 weeks, 14.8 and 49.2 at 31 weeks, and 52.2 and 71.1 at 40 weeks. The overall agreement between the two measures was lowest at 31 weeks' gestation, higher at 28 weeks' gestation, and highest among the term infants, and this was true for each of the individual states. Similar results were found when the LMP estimate and the clinical estimate were within 1 or 2 weeks of each other and for states with fewer than 50,000 singleton livebirths. The degree of disagreement between the LMP estimate and the clinical estimate varied substantially by maternal characteristics and ultrasound use during pregnancy and by gestational age group (20-27, 28-31, 32-36, or 37-42 weeks) (table 2). Higher disagreement was found at 28-31 weeks' and 32-36 weeks' gestation for each of the factors. Teenage pregnancy, low maternal educational attainment, late prenatal care initiation, high birth order, and no ultrasound use during pregnancy were associated with disagreement between the two measures. Among preterm infants (gestational age <37 weeks), the disagreement between the LMP estimate and the clinical estimate in women with no or unknown prenatal care was lower than that in women who began prenatal care during the second or third trimester.
Rate ratios from the Cox regression showed that, compared with 37-42 weeks' gestation, the disagreement between the LMP and clinical estimates was 8.39 times higher at 28-31 weeks, 5.64 times higher at 32-36 weeks, and 3.97 times higher at 20-27 weeks (table 3). In the model adjusting for maternal age, maternal education, prenatal care initiation, livebirth order, and ultrasound use during pregnancy, the rate ratios were 7.79, 5.40, and 3.84, respectively. The fact that there was only a slight difference between the rate ratios in the adjusted model and those in the unadjusted model suggests that the disagreement between the LMP and clinical estimates among the gestational age groups was not confounded by maternal risk factors or ultrasound use during pregnancy. However, when examined individually, each of these factors showed a significant independent effect, regardless of gestational age group (p < 0.001; results not shown).
DISCUSSION
The difficulties associated with gestational age estimates have been addressed in numerous publications (8) (9) (10) (11) (12) (13) (14) (15) (16) . However, our study is unique in two ways. First, we investigated and found a systematic disparity between the LMP estimate and the clinical estimate of gestational age for all of the states. Second, we examined the difference between the two estimates across gestational age groups and the effect of various potentially confounding factors. We found that agreement between the LMP estimate and the clinical estimate of gestational age varied substantially across durations of gestation. More importantly, preterm births were more likely than term births to have disagreement between the two estimates. We found that timing of prenatal care initiation, maternal educational level, ultrasound use, livebirth order, and maternal age were independently associated with disagreement between the LMP and clinical estimates, regardless of gestational age. However, controlling for these factors did not result in meaningful differences in the relative risk of disagreement between the two estimates by gestational age group.
In this study, we found that when the LMP-and clinical estimate-based gestational ages disagreed, the clinical estimate-based numbers of births and median birth weights were lower for preterm infants and higher for term infants in comparison with the LMP-based estimates. This suggests that the discrepancy between the LMP and clinical estimates was not random. The clinical estimate ''corrected'' the LMP in both directions. That is, when the LMP-and clinical estimate-based gestational ages disagreed, fewer or lighter infants were categorized as preterm and more or heavier infants were categorized as term by the clinical estimate than by the LMP. It suggests a closer association between the clinical estimate and the birth weight.
We also found that agreement between the LMP estimate and the clinical estimate was lowest among very preterm and moderately preterm infants (28-36 weeks), higher among extremely preterm infants (20-27 weeks), and highest among term infants (37-42 weeks). This pattern was observed for all of the states. Similar findings have been reported by Alexander et al. (15) and Mustafa and David (16) . Using the 1989-1991 South Carolina public-use livebirth files, Alexander et al. found that the overall agreement between the LMP estimate and the clinical estimate was 47 percent, but it varied considerably by gestational age (15) . Mustafa and David, using the 1989-1991 Illinois computerized birth record data, found that, for more than 40 percent of the cases in the range of 27-34 weeks, the clinical estimate exceeded LMP-based values by more than 2 weeks, and the highest agreement between the LMP estimate and the clinical estimate was 72 percent at 40 weeks (16) .
Special attention should be given to the low agreement between the two measures at 28-36 weeks' gestation. In our data, based on the LMP-based estimate of gestational age, 94 percent of all preterm infants (<37 completed weeks) born in the United States in 2002 were born at 28-36 weeks' gestation. Of these infants, 11 percent were born at 28-31 weeks and 89 percent were born at 32-36 weeks. In studies using vital records, the estimated percentage of preterm births was lower when gestational age was based on the clinical estimate or the LMP/clinical estimate composite measurement than when it was based on the LMP (6, 17) . An accurate assessment of the gestational age of these infants is important in epidemiologic and etiologic studies of preterm birth, which are crucial for developing effective prevention measures and interventions.
It is unclear why the discrepancy between the two measures was most prominent for the mid-gestational-age groups. It is possible that misrecall of the LMP and bleeding or spotting during early pregnancy occur more frequently in women of low socioeconomic status, and preterm birth is associated with low socioeconomic status (17) . Our analysis did show that women with teenage pregnancy, low educational attainment, late initiation of prenatal care, high birth order, and no ultrasound use during pregnancy were more likely to have disagreement between the two measures among preterm births. The reasons for the better agreement at 20-27 weeks' gestation, however, remain unclear. Early ultrasound examination could be an explanation. Unfortunately, the birth certificate does not specify when during pregnancy the ultrasound examination was performed; thus, the effect of ultrasound use on the discrepancy between the two measures cannot be accurately assessed. Initial data editing at the NCHS, such as the exclusion of some records containing extremely implausible birth weights for gestational age, may also have some effect, but the similar findings from the two studies using state vital-record data (15, 16) suggest a limited effect of the NCHS initial data editing. The lower disagreement between the two gestational age measures for no and unknown prenatal care among preterm births may be due to the absence of any prior information other than the LMP. Hence, there was probably little clinical information upon which to base the clinical estimate. The clinical estimate measure itself, if used appropriately, is the best obstetrical estimate of gestational age. It is based on the integration of various sources of information collected by a clinician. The accuracy of a gestational age derived from the clinical estimate on the birth certificate is not easy to evaluate, however, mainly because its influencing factors involve the skills and performance of the clinician conducting the estimate, the level of health care, and uncertainty regarding its source (prenatal examination or neonatal assessment). It is possible that errors associated with the LMP measure cause underestimation of gestational age, while problems associated with the clinical estimate cause overestimation, resulting in an increased discrepancy between the two measures at 28-36 weeks' gestation. However, the exact causes of the discrepancy remain unclear. A recent study (18) on preterm and postterm births using Canadian and US livebirth files found that the preterm birth rate in the United States derived using the clinical estimate was lower than that derived using the LMP and was closer to that in Canada. The rate ratios for perinatal mortality comparing preterm infants with term infants were comparable between the United States and Canada only when the clinical estimate was used (18) . The fixed second birth weight distribution found in another recent study (6) with a peak incidence at approximately 3,000 g at early gestational weeks suggests that these births are probably term births. Although our study was not able to determine which of these two gestational age measurements gives more accurate estimates in vital records, the findings of low agreement between the LMP and clinical estimates of gestational age among infants at 28-36 weeks' gestation and relatively better agreement at 20-27 weeks' gestation deserve careful attention and further investigation.
There is no clear explanation for the high level of agreement between the two measures among term infants. Although misrecording of the LMP was a possible reason for the disagreement, errors in recording are likely to have been random given the large size of the data set and therefore uniform across gestational ages. As such, there is no reason to expect a particularly lower frequency of recording errors occurring among term deliveries. The little difference found in this study between the rate ratios in the adjusted and unadjusted models suggests possible other explanatory factors than what we can identify on the birth certificate.
Besides the disagreement between the two estimates across gestational age groups, we found substantial variation by state. It is interesting that our findings of low agreement around midgestation and higher agreement at lower gestation and among term babies were remarkably similar for all of the states. Clearly, understanding the variation across states requires more information than the birth certificate can provide. The composition of the population may have an impact on the differences in gestational age measures. For example, misclassification of gestational age has been shown to be greater among African Americans than among Whites (8, 9) . Other systematic or organizational factors may also be operating, and the source of the clinical estimate may vary between hospitals and states. For example, some hospitals may rely more on early ultrasound examination for the clinical estimate than others. In their study using the South Carolina public-use livebirth files, Alexander et al. (15) found that hospital size and trimester of prenatal care were associated with differences between the LMP and clinical estimates.
In summary, we found substantial disagreement between LMP-based gestational age estimates and clinical estimates across gestational ages and among the states. Information available on the US birth certificate is not sufficient for us to understand this disparity. Comparison of data entered both on the birth certificate and in medical records, if possible, might provide information on factors such as irregularity of the menstrual period, use of medication that may interrupt or delay ovulation, the date of the ultrasound examination, and pregnancy complications such as early-pregnancy bleeding. This information could help to clarify the relation between correctly and incorrectly classified gestational ages, which would be particularly helpful in understanding has specific instructions for determining the clinical estimate that should help to standardize and ensure more reliable and consistent estimation of gestational age. Although no definite conclusion can be drawn directly from this study as to which gestational age estimate is less biased, we believe that further discussion will lead to in-depth investigations that may provide direct evidence.
